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Introduction: Mycobacterium tuberculosis Beijing lineage isolates are considered to be especially 
virulent, transmissible and prone to acquire resistances. Beijing strains have been reported worldwide, 
but studies in Latin America are still scarce. The only multinational study performed in the region 
indicated a heterogeneous distribution for this lineage, which was absent in Chile, Colombia and 
Ecuador, although further studies found the lineage in Chile and Colombia. 
Objective: To search for the presence of the Beijing lineage in Ecuador, the only country in the region 
where it remains unreported. 
Materials and methods: We obtained a convenience sample (2006-2012) from two hospitals covering 
different populations. The isolates were genotyped using 24-MIRU-VNTR. Lineages were assigned by 
comparing their patterns to those in the MIRU-VNTRplus platform. Isolates belonging to the Beijing 
lineage were confirmed by allele-specific PCR.
Results: We identified the first Beijing isolate in Ecuador in an unexpected epidemiological scenario: A 
patient was infected in the Andean region, in a population with low mobility and far from the borders of 
the neighboring countries where Beijing strains had been previously reported. 
Conclusion: This is the first report of the presence of the Beijing lineage in Ecuador in an unusual 
epidemiological context that deserves special attention.
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Ecuador.
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Detección de Mycobacterium tuberculosis, linaje Beijing, en Ecuador
Introducción. Los aislamientos de Mycobacterium tuberculosis pertenecientes al linaje Beijing 
se consideran especialmente virulentos y transmisibles, y con mayor tendencia a la adquisición de 
resistencia. El linaje Beijing se ha reportado en todo el mundo; sin embargo, en Latinoamérica los 
estudios al respecto son más escasos. En el único estudio multinacional llevado a cabo en la región, 
se detectó una distribución heterogénea del linaje, y no se le encontró en Chile, Colombia y Ecuador, 
aunque en estudios nacionales posteriores se identificaron aislamientos en Chile y Colombia.
Objetivo. Rastrear la presencia del linaje Beijing de M. tuberculosis en Ecuador, único país en la región 
en el que aún no se reporta. 
Materiales y métodos. Se analizó una muestra de conveniencia (2006-2012) en dos hospitales que 
atendían poblaciones diferentes. La genotipificación de los aislamientos de M. tuberculosis se hizo 
mediante la plataforma 24-MIRU-VNTR. La asignación de linajes se hizo mediante la comparación 
de los patrones genotípicos con los incluidos en la plataforma MIRU-VNTRplus, y aquellos 
pertenecientes al linaje Beijing fueron confirmados mediante reacción en cadena de la polimerasa 
específica de alelo.
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Resultados. Se detectó el primer aislamiento Beijing en Ecuador, en una circunstancia epidemiológica 
inesperada: un paciente de la región andina, proveniente de una comunidad con escasa movilidad y 
alejada de las fronteras con los países limítrofes, Perú y Colombia, en los que ya se han identificado 
aislamientos de M. tuberculosis pertenecientes al linaje Beijing.
Conclusiones. En este trabajo se reporta por primera vez la presencia del linaje Beijing de M. 
tuberculosis en Ecuador en un contexto epidemiológico inusual que merece especial atención.
Palabras clave: Mycobacterium tuberculosis, tuberculosis; informes de casos; virulencia; epidemiología 
molecular; Ecuador.
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Tuberculosis remains a major health concern in 
many countries and regions around the world. Data 
from the World Health Organization report an inci-
dence of 54 cases per 100,000 inhabitants and a 
prevalence of 78 cases per 100,000 inhabitants in 
Ecuador (1).
The genotypic analysis of Mycobacterium tuber-
culosis isolates is a valuable aid in the study of 
transmission patterns of the disease. Genotyping 
techniques are useful for the identification of isolate 
clusters, and they provide researchers and clinicians 
with a better understanding of the transmission 
dynamics of this pathogen in different settings 
(2-4), allowing the differentiation of M. tuberculosis 
lineages as well. Some of them, such as the Beijing 
lineage, are considered to be more “successful” due 
to their virulence, transmissibility and acquisition of 
resistance (5,6).
The Beijing family belongs to the East Asian lineage 
(lineage 2) and is considered to have emerged 
6,600 years ago in northeast China, Korea and 
Japan. Migration movements have expanded the 
Beijing lineage around the world, with the highest 
prevalence currently found in Central Asia, the 
Black Sea area, Russia, Eastern Europe, and South 
Africa; however, in other areas, such as North 
America, its prevalence is low (7).
Many studies have focused on the analysis of the 
Beijing lineage in high prevalence areas, whereas 
studies in other areas of the world such as Latin 
America are still scarce. One of the few multinational 
studies in this region revealed a heterogeneous 
distribution of the Beijing lineage in the seven coun-
tries surveyed (8). In the four countries where it was 
detected, its prevalence varied widely: Perú (5.9%), 
Argentina (1.0%), Brazil (0.8%) and Paraguay 
(0.6%). In the remaining three countries (Chile, 
Colombia and Ecuador) no Beijing isolates were 
identified. Subsequent nationwide studies, however, 
found Beijing lineage isolates in Colombia and Chile 
(9-11). Ecuador is the only country among those 
considered in the study where this lineage had not 
been reported yet.
The aim of our study was to look for the presence 
of the Beijing lineage in Ecuador based on regional 
epidemiology indicating its presence in Colombia 
and Perú, both bordering countries with Ecuador.
Materials and methods
Clinical isolates
We obtained a convenience sample of 28 M. 
tuberculosis isolates (2006-2012) from independent 
cases diagnosed in two teaching hospitals: The 
“Alli Causai” Hospital (Ambato, Tungurahua), which 
serves three provinces in the Ecuadorian Sierra 
region, and the “Carlos Andrade Marín” Hospital 
(Quito, Pichincha), a third level referral hospital.
Microbiological procedures
Following culture in Löwenstein-Jensen medium, 
M. tuberculosis isolates from pulmonary and extra-
pulmonary specimens were obtained (table 1). 
Culture and susceptibility testing were performed 
by experienced hospital laboratory staff at partici-
pating hospitals based on standard methods. 
Isolates in Löwenstein-Jensen medium were stored 
under standard conditions in hospital microbiology 
laboratories.
Molecular procedures
DNA extraction. Mycobacterium tuberculosis iso-
lates were resuspended in Tris HCl-EDTA (TE) and 
inactivated by boiling at 95°C for 45 minutes. DNA 
was purified following standard procedures (12).
Lineage identification by MIRU-VNTR analysis. The 
isolates were genotyped by MIRU-VNTR (24-loci) 
based on the simplex-PCR format followed by allelic 
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discrimination through agarose gel electrophoresis 
of the PCR products (12). Lineages for the isolates 
were assigned by comparing their MIRU-VNTR 
patterns with those in the MIRU-VNTR plus plat-
form (http://www.miru-vntrplus.org/) (13,14).
Analysis of lineage-specific SNP. Lineage identifi-
cation from comparative analysis in the MIRU- VNTR 
plus platform was confirmed by the identification 
of lineage-specific SNP (15) using PCR and DNA 
sequencing. A lineage 2 isolate corresponded 
to  the Beijing lineage, and the lineage was con-
firmed by Beijing allele-specific SNP [Rv2154724 
(G526A)] PCR.
Phylogenetic analysis. MIRU-VNTR data were ana-
lyzed with the software packages available at www.
miruvntrplus.org. A dendrogram based on these data 
was constructed using the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA). Isolates 
showing 100% identity were considered clustered.
Ethical considerations
The study was approved by the participating hos-
pitals ethics committees.
Results
Our convenience sample included 28 isolates 
from six provinces in Ecuador. Six isolates were 
resistant, of which two were MDR (table 1). Twenty 
seven different VNTR genotypes were detected 
among the 28 MTB isolates genotyped. Two 
isolates from the Sucumbíos province (isolate 5 
with INH-SM resistant phenotype and isolate 22 
with INH-RMP resistant phenotype) were clustered 
into one separate cluster (figure 1). Lineages for the 
28 isolates were determined based on the MIRU-
VNTR data. From these 28 isolates, 27 clustered 
to the MIRU-VNTRplus lineage 4 (Euro-American) 
entrances.The remaining isolate from the Coto-
paxi province (isolate 49, susceptible phenotype) 
grouped together with the lineage 2 entrances in 
the database. A second analysis based on the 
determination of lineage-specific SNP confirmed 
our MIRU-VNTR-based lineage assignment as 
lineage 2 Beijing for isolate 49.
Discussion
The detection of certain M. tuberculosis lineages 
in different geographic areas should rely on 
consistent sampling to ensure population-based 
representativeness. Unfortunately, these features 
are not easily found in all settings, and convenience 
samples are thus used for these purposes. The 
Beijing lineage was absent in isolates from Chile, 
Ecuador and Colombia in a study conducted in 
several Latin American countries from 1997 to 
2003 (8). However, it might have remained unde-
tected due to limitations in the study’s sample 
representativeness. Subsequent nation-wide  studies 
of M. tuberculosis lineages demonstrated the 
Beijing lineage in Colombia (10), where the first 
case of multidrug-resistant tuberculosis by a rare 
Beijing strain was reported, and more recently, in 
Chile (9,11), where Beijing strains were found in 
isolates from Santiago.
Ecuador remained the only country in Latin America 
among those included in the multinational study not 
reporting the Beijing lineage. Perú and Colombia, 
the two countries that share a border with Ecuador, 
had communicated the presence of this lineage 
with a high prevalence in certain settings (16,17). 
This information led to the consideration that limi-
tations in sample size could be responsible for the 
lack of detection of Beijing isolates in Ecuador. 
More importantly, the Beijing lineage was initially 
assumed to be associated with resistance, but this 
association has not been found on a global context.
The Ecuadorian sample in the above multinational 
study included MDR isolates exclusively, and those 
included in the study corresponded to a single site 
Table 1. Geographic origin, type of specimen and susceptibility profiles for Mycobacterium tuberculosis isolates
Province Type of specimen Drug susceptibility 
Respiratory Extra-respiratory N/D Monoresistant Poliresistant MDR
INH RMP INH /SM INH / RMP
Bolívar 1
Cotopaxi 10 1 2 1
Imbabura 6
Pichincha 2
Sucumbíos 3 1 2
Tungurahua 4
1
INH: isoniazid; RMP: rifampicin; SM: streptomycin; N/D: no data
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in Quito (18). In our opinion, including multidrug-
resistant tuberculosis isolates from only one site 
severely limited the study.
To minimize these potential biases, in this study 
we adopted a less restrictive approach. Isolates 
from six different Ecuadorian provinces, including 
susceptible isolates, were collected. As a result, we 
succeeded in identifying the Beijing lineage in the 
country. It is interesting to note that we were able to 
detect one isolate even in a small sample. However, 
more extensive studies are needed to know the true 
prevalence of the Beijing lineage in Ecuador.
Although the Beijing lineage has been reported 
in Perú and Colombia, isolates from Ecuadorian 
provinces near these countries do not belong to 
this lineage. Unexpectedly, the Beijing isolate 
corresponded to a patient from Cotopaxi, a non-
touristic, agriculture-based Andean province. The 
population in this province has low mobility and little 
interaction with other regions. We were not able 
to obtain additional information from the patient 
infected with the Beijing strain. In this sense, it 
may be necessary to actively search for new cases 
that may reveal an unexpected epidemiological 
scenario for this lineage in Ecuador.
Only two isolates from our collection were clustered. 
It is interesting that they were both from the 
Sucumbíos province and they had a resistant phe-
notype. Although the number of isolates collected 
was low, transmission of resistant strains in this 
province deserves attention. 
This is the first report of the presence of the Beijing 
lineage in Ecuador. The epidemiological context 
where it was detected is unexpected. Despite the 
importance of the identification of this lineage in the 
country, our study was based on the analysis of a 
Figure 1. Phylogenetic tree and dendrogram based on the 24-locus-MIRU-VNTR analysis in MIRU-VNTRplus. The two clustered 
isolates from Sucumbíos province (isolates 5 and 22) and the Beijing isolate (isolate 49) are indicated within the red and blue 
boxes, respectively.
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limited collection from a convenience sample and, 
therefore, it should be expanded to help determine 
the prevalence of the Beijing lineage and clarify 
whether a peculiar epidemiological scenario is 
associated with its presence in Ecuador.
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